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METHOD FOR FORMING A SEMICONDUCTOR DEVICE WITH LOCAL 
SEMICONDUCTOR-ON-INSULATOR (SOI) 

Field of the Invention 

5* The present invention relates generally to semiconductor processing, and more 

specifically, to forming semiconductor devices with local semiconductor-on-insulator (SOI). 

Related Art 

Semiconductor-on-insulator (SOI) devices generally have superior properties over 
10 bulk devices. SOI devices are typically formed with SOI wafers, which include a layer of 
semiconductor material, a layer of oxide overlying the semiconductor material, and another 
layer of semiconductor material overlying the oxide layer. The semiconductor material can 
be a variety of different types of semiconductor materials such as, for example, silicon, 
silicon germanium, etc. However, SOI wafers are more expensive than bulk semiconductor 
15 wafers. Furthermore, it is expensive and time consuming to transfer existing circuit designs 
from bulk substrates to SOI substrates. Therefore, a need exists for a method which provides 
a cost effective method for providing higher quality SOI devices while allowing for the use of 
existing circuit designs fashioned for bulk substrates, when desired. 

20 Brief Description of the Drawings 

The present invention is illustrated by way of example and not limited by the 
accompanying figures, in which like references indicate similar elements, and in which: 

FIG. 1 illustrates a cross-sectional view of a semiconductor substrate having isolation 
25 regions in accordance with one embodiment of the present invention; 

FIG. 2 illustrates a cross-sectional view of the semiconductor substrate of FIG. I after 
formation of an oxygen-rich semiconductor layer over the substrate between the local 
isolation regions, in accordance with one embodiment of the present invention; 

FIG. 3 illustrates a cross-sectional view of the semiconductor substrate of FIG. 2 after 
30 formation of a semiconductor layer overlying the oxygen-rich semiconductor layer, in 
accordance with one embodiment of the present invention; 

FIG. 4 illustrates a cross-sectional view of the semiconductor substrate of FIG. 3, after 
conversion of the oxygen-rich semiconductor layer to a dielectric layer which also results in 
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formation of an oxide layer overlying the semiconductor layer, in accordance with one 
embodiment of the present invention; 

FIG. 5 illustrates a cross-sectional view of the semiconductor substrate of FIG. 4 after 
removal of at least a portion of the oxide layer over the semiconductor layer, in accordance 
5 with one embodiment of the present invention; 

FIG. 6 illustrates a cross-sectional view of the semiconductor substrate of FIG. 5 after 
formation of a gate dielectric layer overlying the semiconductor layer, in accordance with one 
embodiment of the present invention; 

FIG. 7 illustrates a cross-sectional view of the semiconductor substrate of FIG. 6 after 
10 formation of a substantially completed semiconductor device, in accordance with one 
embodiment of the present invention; and 

FIG. 8 illustrates a cross-sectional view of the semiconductor substrate of FIG. 6 after 
formation of a substantially completed semiconductor device having raised source/drains, in 
accordance with an alternate embodiment of the present invention. 
15 Skilled artisans appreciate that elements in the figures are illustrated for simplicity 

and clarity and have not necessarily been drawn to scale. For example, the dimensions of 
some of the elements in the figures may be exaggerated relative to other elements to help 
improve the understanding of the embodiments of the present invention. 

20 Detailed Description of the Drawings 

As described above, SOI wafers are typically more expensive than bulk wafers; 
however, SOI devices generally have superior properties as compared to bulk devices. 
Furthermore, many existing designs use bulk devices and the conversion of these existing 
devices to SOI designs such that they can be formed on an SOI wafer becomes expensive in 

25 teiTTis of processing and design costs. Therefore, one embodiment of the present invention 
described herein allows for the formation of local SOI regions on a bulk semiconductor 
substrate. In this manner, local SOI regions may be formed on a bulk wafer where needed for 
improved device properties while still allowing for bulk designs to be integrated on a same 
wafer. Any number of local SOI regions may be formed on a wafer and these SOI regions 

30 may be of any size. In one embodiment, an SOI region may cover an entire bulk wafer. 

FIG. I illustrates a cross-section view of a semiconductor device 10 having a 
semiconductor substrate 12 and isolation regions 14 and 16. In one embodiment, 
semiconductor substrate 12 is a bulk silicon substrate. In alternate embodiments. 
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semiconductor substrate 12 may be any type of substrate of any type of material- For 
example, substrate 12 may be a silicon -germanium or gallium arsenide substrate. In the 
illustrated embodiment, isolation regions 14 and 16 are formed within semiconductor 
substrate 12. An active region 11 of semiconductor substrate 12 includes the semiconductor 
5 portions of semiconductor substrate 12. For example, in the case of a bulk silicon substrate, 
active region 11 of FIG. 1 includes the silicon portions of substrate 12 surrounding isolation 
regions 14 and 16. 

In one embodiment, isolation regions 14 and 16 are shallow trench isolation (STI) 
regions formed using conventional processing. In one embodiment, during formation of the 

10 STI regions (e.g. isolation regions 14 and 16), a top surface (i.e. a top exposed surface) of 
active region 1 1 of substrate 12 is recessed as compared to the top surfaces of isolation 
regions 14 and 16, However, in alternate embodiments, the top surface of active region 11 of 
substrate 12 may be recessed or further recessed after formation of isolation regions 14 and 
16. In yet another embodiment, the top surface of active region 1 1 of substrate 12 may not be 

15 recessed such that the top surface of active region 1 1 is substantially coplanar with the top 

surfaces of isolation regions 14 and 16. Furthermore, isolation regions 14 and 16 may be any 
type of isolation region, such as, for example, LOCOS (LOCal Oxidation of Silicon) regions. 
Isolation regions 14 and 16 may be formed using any type of conventional processing. Also, 
in an alternate embodiment, isolation regions 14 and 16 may not be present at this point. For 

20 example, they may be formed later during processing, as will be described below. 

FIG. 2 illustrates a cross-sectional view of semiconductor device 10 after formation of 
an oxygen-rich semiconductor layer 18 over active area 11 of substrate 12. In one 
embodiment, oxygen-rich semiconductor layer 18 is an epitaxially grown oxygen-rich 
crystalline silicon layer. Therefore, in this embodiment, oxygen-rich semiconductor layer 18 

25 includes monocrystalline silicon. Alternatively, oxygen-rich semiconductor layer may include 
other semiconductor materials, such as, for example, silicon gennanium. Also, in alternate 
embodiments, oxygen-rich semiconductor layer -18 may be formed using other processes. For 
example, a silicon layer may be formed followed by an oxygen implantation and an optional 
anneal, resulting in an oxygen-rich silicon layer. Alternatively, an oxygen-rich silicon layer 

30 may be deposited (using, for example, chemical vapor deposition (CVD)) over substrate 12 
followed by an anneal to recrystallize the silicon. In one embodiment, oxygen-rich 
semiconductor layer 18 contains oxygen atoms in an amount of 2 percent in the 
semiconductor (e.g. silicon) crystal. Preferably, oxygen-rich semiconductor layer 18 may 
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contain oxygen atoms in an amount of less than 3 percent. More preferably, the amount of 
oxygen atoms may be in range of 0.5 to 3 percent. 

In the illustrated embodiment, oxygen-rich semiconductor layer 18 is formed over the 
recessed portion of substrate 12 between isolation regions 14 and 16. Generally, oxygen-rich 
5 semiconductor layer 18 is formed over active area 1 1 of substrate 12. That is, oxygen-rich 
semiconductor layer 18 will generally be formed over the exposed portions of substrate 12. 
Therefore, in the illustrated embodiment, oxygen-rich semiconductor layer 18 would also be 
formed on either side of isolation regions 14 and 16 (not shown). In one embodiment, where 
isolation regions (such as isolation regions 14 and 16) are not yet formed, oxygen-rich 

10 semiconductor layer 18 would be formed over all of substrate 12. In one embodiment, 

oxygen-rich semiconductor layer 18 has a thickness in a range of 5 to 60 nanometers. More 
preferably, the thickness may be in a range of 10 to 30 nanometers. 

FIG. 3 illustrates a cross-sectional view of semiconductor device 10 after formation of 
a semiconductor layer 20 overlying oxygen-rich semiconductor layer 18. In one 

15 embodiment, semiconductor layer 20 is an epitaxially grown silicon layer. Therefore, in this 
embodiment, semiconductor layer 20 includes monocrystalline silicon. This epitaxially 
grown silicon layer may therefore allow for definition of high performance devices. In 
alternate embodiments, semiconductor layer 20 may include other semiconductor materials, 
such as, for example, silicon germanium, gallium arsenide, silicon carbide, etc., or any 

20 combination thereof. In the illustrated embodiment, semiconductor layer 20 is fonned over 
oxygen-rich semiconductor layer 18 between isolation regions 14 and 16. Generally, 
semiconductor layer 20 will be fornied over all portions of oxygen-rich semiconductor layer 
18. In one embodiment, semiconductor layer 20 has a thickness in a range of 10 to 150 
nanometers. More preferably, the thickness may be in a range of 20 to 50 nanometers. In 

25 one embodiment, this thickness may be selected based on the desired thickness of the 

resulting device channel and the amount of semiconductor layer 20 that will be consumed 
during subsequent oxidation. 

In one embodiment, semiconductor layer 20 may be deposited by selective epitaxy (as 
described above), thus growing silicon exclusively over oxygen-rich semiconductor layer 18 

30 of active region 1 1 (and not over isolation regions 14 and 16). In an alternate embodiment, 
semiconductor layer 20 may be formed by blanket epitaxy. In this embodiment, 
semiconductor layer 20 will also be deposited over isolation regions 14 and 16. However, in 
the case of silicon, semiconductor layer 20 now includes polysilicon rather than 
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monocrystalline silicon. Note that close to the edges of isolation regions 14 and 16 there may 
be a monocrystalline overgrowth extending active region 1 1 over small portions of the 
surfaces of isolation regions 14 and 16. This may allow more space to accommodate contacts 
to the source/drain regions of the resulting transistor. The remaining polysilicon overlying 
5 isolation regions 14 and 16 can then be removed by an etch that is highly selective to 
monocrystalline silicon. Generally, polysilicon etches much faster than monocrystalline 
silicon. 

FIG. 4 illustrates a cross-sectional view of semiconductor device 10 after conversion 
of oxygen-rich semiconductor layer 18 to a dielectric layer 24 (which may also be referred to 

10 as a semiconductor-oxide layer or an insulating layer). In one embodiment, semiconductor 
device 10 is oxidized, such as, for example, in a high temperature water vapor ambient (such 
as, for example, at a temperature between 900 and 1100 degrees Celsius). This oxidation 
results in the formation of an oxide layer 22 overlying semiconductor layer 20. Note that 
during oxidation, part of semiconductor layer 20 is consumed, thus semiconductor layer 20 in 

15 FIG. 4 may be thinner as compared to semiconductor layer 20 of FIG. 3. Although a portion 
of semiconductor layer 20 may be consumed, at least a portion of semiconductor layer 20 
remains. Also during oxidation, oxygen atoms diffuse to oxygen-rich semiconductor layer 18 
and induce internal oxidation thus transforming oxygen-rich semiconductor layer 18 into an 
amorphous semiconductor oxide layer. For example, when oxygen-rich semiconductor layer 

20 18 is an oxygen-rich silicon layer, the diffused oxygen atoms transform the layer into an 
amoq^hous silicon oxide layer. In one embodiment, the thickness of oxide layer 22 is in a 
range of 8 to 120 nanometers, where, in one embodiment, less than half of semiconductor 
layer 20 is consumed during oxidation. 

Note that in one embodiment, where isolation regions 14 and 16 are not present in 

25 FIG. 1, isolation regions 14 and 16 may be formed (using , for example, conventional 

processes) after formation of semiconductor layer 20 and prior to formation of oxide layer 22, 
Alternatively, isolation regions 14 and 16 may be foimed after formation of oxide layer 22 
and the conversion of oxygen-rich semiconductor layer 18 to dielectric layer 24. 

FIG. 5 illustrates a cross-sectional view of semiconductor device 10 after removal of 

30 at least a portion of oxide layer 22. In one embodiment, all of oxide layer 22 is removed 

using conventional etch processes, such as, for example, an HF or plasma etch. Therefore, in 
this embodiment, subsequent layers will be formed directly on semiconductor layer 20. 
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Alternatively, none or only a portion of oxide layer 22 may be removed such that subsequent 
layers are formed over the remaining portion of oxide layer 22. 

Note that, as seen in FIG. 5, a local SOI region has been formed between isolation 
regions 14 and 16 which includes a semiconductor layer overlying an insulating layer where 
5 any type of transistor may subsequently be formed. As was described above, the local SOI 
region may be formed by converting an oxygen-rich semiconductor layer underlying a 
semiconductor layer to a dielectric or insulating layer. That is, in one embodiment, a first 
layer (such as, for example, oxygen-rich semiconductor layer 18) having a monocrystalline 
lattice is formed over substrate 12, where the first layer includes a first material of 

10 semiconductor type (such as, for example, silicon) and a second material (such as, for 
example, oxygen), where the second material is of a first type different from the 
semiconductor type and occupies locations in the monocrystalline lattice. A second layer 
(such as, for example, semiconductor layer 20) can then be epitaxially grown directly on the 
first layer, where the second layer includes a third material (such as, for example, silicon) of 

1 5 -the semiconductor type. After epitaxially growing the second layer, the first layer is 

converted to an insulating layer (such as, for example, dielectric layer 24) while retaining at 
least a portion of the second layer as being of the semiconductor type by applying a reactant 
directly to the second layer. For example, the reactant may include high temperature water 
vapor. Also, in one embodiment, the second material (such as, for example, oxygen) in the 

20 first layer (such as, for example, oxygen-rich semiconductor layer 18) is less than about 3% 
of the crystal lattice of the semiconductor material (such as, for example, silicon) of the first 
layer. 

FIG. 6 illustrates a cross-sectional view of semiconductor device 10 after formation of 
a gate dielectric layer 26 over semiconductor layer 20. Note that if oxide layer 22 is not 

25 completely removed, semiconductor device 10 of FIG. 6 may include a remaining portion (or 
all of) oxide layer 22 between the remaining portion of semiconductor layer 20 and gate 
dielectric layer 26. Gate dielectric layer 26 may include any material or materials suitable for 
gate dielectrics, such as, for example, silicon oxide, silicon oxynitride, nitrided oxide, 
hafnium oxide, zirconium oxide, metal silicate, metal oxy-nitride, metal-silicon-oxynitride, 

30 other metal oxides, any high dielectric constant (K) material, or any combination thereof. 
Gate dielectric layer 26 may be formed using conventional deposition or growth techniques 
such as Atomic Layer Deposition (ALD), chemical vapor deposition (CVD), plasma 



-6- 



SC13155TP 



enhanced CVD (PECVD), metal organic CVD (MOCVD), or physical vapor deposition 
(PVD). 

FIG. 7 illustrates a cross-section view of semiconductor device 10 after formation of a 
substantially completed transistor 45. Transistor 45 includes a gate electrode 28 overlying 
5 gate dielectric 26 and spacers 30 adjacent gate electrode 28 and overlying gate dielectric 26. 
Note that conventional processes may be used in the formation of gate dielectric 26, gate 
electrode 28, and spacers 30. Also note that any type of device may be formed. In one 
embodiment, gate electrode 28 may be a polysilicon gate, a metal gate, a silicide gate, or any 
suitable combination thereof. For example, if gate electrode 28 is a metal gate, gate electrode 

10 28 may include titanium nitride, tantalum silicon nitride, any metal carbide, boride, or their 
nitrides, or any combination thereof. Note also that gate electrode 28 may be a gate electrode 
stack having multiple layers. Spacers 30 may be any appropriate spacers as known in the art. 
For example, spacers 30 may include silicon dioxide, silicon nitride, sihcon germanium, etc. 
Also note that spacers 30 may include a combination of materials. For example, a liner layer 

1 5 (not shown) may be used. 

Transistor 45 includes source/drain regions 32 and 34 formed in semiconductor layer 
20, where source/drain regions 32 and 34 extend under spacers 30 and may partially extend 
under gate electrode 28. Therefore, a channel region 36 is formed in the remaining portion of 
semiconductor layer 20, under gate electrode 28 and between source/drain regions 32 and 34 

20 such that source/drain regions 32 and 34 are laterally spaced from channel region 36. Each of 
source/drain regions 32 and 34 includes a deep source/drain region which extends deeper into 
semiconductor layer 20 and is defined by spacers 30 and includes an extension region which 
laterally extends from the deep source/drain region under spacer 30 and may extend partially 
under gate electrode 28. In one embodiment, the extensions are implanted prior to formation 

25 of spacers 30 and the deep source/drain regions are implanted after formation of spacers 30, 
as known in the ait. Note that in the illustrated embodiment, the deep source/drain regions of 
source/drain regions 32 and 34 extend all the way to dielectric layer 24. Therefore, in this 
embodiment, the depth of source/drain regions 32 and 34 corresponds to the thickness of 
semiconductor layer 20. However, in alternate embodiments, the deep source/drain regions 

30 of source/drain regions 32 and 34 may not fully extend to dielectric layer 24. 

Note that in the illustrated embodiment, dielectric layer 24 extends between isolation 
regions 14 and 16, under source/drain regions 32 and 34. This may allow for improved 
electrical isolation of source/drain regions 32 and 34. In this manner, punch through effects 
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between source/drain regions 32 and 34 may be reduced or minimized. This may also allow 
for improved characteristics of the resulting transistor at shorter gate lengths. 

In an alternate embodiment, after formation of gate electrode 28 and spacers 30, but 
before formation of source/drain regions 32 and 34, an anisotropic etch may be performed to 
5 remove regions of semiconductor layer 20 and dielectric layer 24 on either side of gate 

electrode 28 (between spacers 30 and isolation regions 14 and 16). After the anisotropic etch, 
the recessed regions may be restored by a selective semiconductor epitaxial process to form 
source/drain regions. This semiconductor epitaxial process can be performed, for example, 
with silicon, doped silicon, silicon germanium, doped silicon germanium, silicon carbon, 

10 doped silicon carbon, silicon carbon germanium, doped silicon carbon germanium, etc. This 
alternate embodiment may allow for deeper source/drain regions (as compared, for example, 
to source/drain regions 32 and 34) which may therefore allow for lower sheet resistance. 
However, in this embodiment, the source/drain regions would not include an underlying 
dielectric layer (such as dielectric layer 24) and may therefore be more prone to punch 

15 through effects. 

FIG. 8 illustrates a cross-sectional view of semiconductor device 10 after formation of 
a substantially completed transistor 47 in accordance with an alternate embodiment of the 
present invention (in which like numbers indicate like elements). Transistor 47 of FIG. 8 is 
similar to transistor 45 of FIG. 7; however, in addition to gate electrode 28 and spacers 30, 

20 transistor 47 also includes spacers 38 adjacent spacers 30 and raised source/drains 40 and 42 
overlying source/drain regions 32 and 34. (Note that the descriptions provided above with 
respect to gate dielectric 26, gate electrode 28, spacers 30, and source/drain regions 32 and 34 
also apply here in reference to FIG. 8.) Spacers 38 can be formed of any type of material, 
similar to spacers 30, and may also include a combination of materials. In one embodiment, 

25 raised source/drains 40 and 42 may be formed using a selective semiconductor epitaxial 

process. This semiconductor epitaxial process can be performed, for example, with silicon, 
doped silicon, silicon germanium, doped silicon germanium, silicon carbon, doped silicon 
carbon, silicon carbon germanium, doped silicon carbon germanium, etc. In one 
embodiment, raised source/drains 40 and 42 are formed to decrease the external resistances 

30 from the channel to the contacts. (Note that raised source/drains 40 and 42 may also be 
referred to as elevated source/drains 40 and 42.) In one embodiment, deep source/drain 
implants may be performed after formation of spacers 38 and either prior or subsequent to the 
formation of elevated source/drains 40 and 42. 
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After formation of the substantially completed devices of FIGs. 7 and 8 (i.e. 
transistors 45 and 47, respectively), subsequent processing, as known in the art, may be 
performed to fully complete the devices, and to form, for example, an integrated circuit. 
Also, note that in the formation of transistors 45 and 47, other steps may be performed in 
5 addition to those described above. For example, in an alternate embodiment (not illustrated), 
a well implant may be performed to form a well region within substrate 12 between isolation 
regions 14 and 16. In one embodiment, this well implant may be performed before formation 
of gate dielectric layer 26. The well region can be formed using known implant processes to 
improve device performance. Also note that the well implant may be implanted into 
10 semiconductor layer 20 to affect threshold voltage of the device. Similarly, additional 

implants may be performed or those implants described above may be performed differently. 

Note that FIGs. 7 and 8 provide only two examples (e.g. transistors 45 and 47) of the 
type of devices that may be formed in the local SOI region formed between isolation regions 
14 and 16, but alternate embodiments may form any type of device in the local SOI region. 
15 For example, in one embodiment, after removal of oxide layer 22, fins of a FinFET device 
may be formed using semiconductor layer 20. 

Therefore, it can be appreciated how embodiments of the present invention allow for 
the integration of higher performance SOI devices onto a bulk semiconductor substrate 
through the formation of local SOI regions. The devices formed in the local SOI regions may 
20 also result in improved characteristics, due, for example, to the underlying dielectric layer 
(such as dielectric layer 24). 

In the foregoing specification, the invention has been described with reference to 
specific embodiments. However, one of ordinary skill in the art appreciates that various 
modifications and changes can be made without departing from the scope of the present 
25 invention as set forth in the claims below. Accordingly, the specification and figures are to 
be regarded in an illustrative rather than a restrictive sense, and all such modifications are 
intended to be included within the scope of present invention. 

Benefits, other advantages, and solutions to problems have been described above with 
regard to specific embodiments. However, the benefits, advantages, solutions to problems, 
30 and any element(s) that may cause any benefit, advantage, or solution to occur or become 

more pronounced are not to be construed as a critical, required, or essential feature or element 
of any or all the claims. As used herein, the terms "comprises," "comprising," or any other 
variation thereof, are intended to cover a non-exclusive inclusion, such that a process. 
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method, article, or apparatus that comprises a list of elements does not include only those 
elements but may include other elements not expressly listed or inherent to such process, 
method, article, or apparatus. 
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